Dual energy X-ray absorptiometry (DXA) is considered to be a reference standard for the assessment of body composition, and one particular advantage is its provision of regional body composition parameters. The objective of this study was to determine the in vivo precision of the Lunar iDXA for the measurement of appendicular and trunk lean and fat mass in a heterogeneous group of adults (n ¼ 39; age 33.5 (8.3) years; BMI 24.6 (5.4) kg m À 2 ). Two consecutive total body scans were performed on each participant with re-positioning between scans. There was excellent agreement between consecutive scans for measurements of both fat and lean appendicular and trunk composition (R 2 ¼ 0.99). Precision for body composition at all regions was less than 2% coefficient of variation (CV). Precision for bilateral appendicular body composition was less than 4% CV for the arms and less than 2.5% CV for the legs. Our findings indicate that the iDXA is a valuable tool for repeat measurements of regional body composition in adults. Keywords: DXA; precision; body composition; regional; fat mass; lean mass INTRODUCTION Dual-energy X-ray absorptiometry (DXA) is a three-compartment method increasingly considered as a reference technique for the assessment of body composition. One specific advantage of recent DXA models is the provision of both total and regional analysis of body composition through high resolution, excellent image quality and enhanced edge detection. DXA enables the quantification of appendicular and trunk fat and lean mass which has particular relevance when monitoring patients' physiological responses to interventions, including those for obesity.
INTRODUCTION Dual-energy X-ray absorptiometry (DXA) is a three-compartment method increasingly considered as a reference technique for the assessment of body composition. One specific advantage of recent DXA models is the provision of both total and regional analysis of body composition through high resolution, excellent image quality and enhanced edge detection. DXA enables the quantification of appendicular and trunk fat and lean mass which has particular relevance when monitoring patients' physiological responses to interventions, including those for obesity. 1 DXA is also valuable for monitoring progression of conditions such as anorexia-nervosa 2 and has recently been utilised to monitor appendicular and trunk lean mass change in obese patients following gastric bypass surgery, 1 where the goal was to encourage fat loss but maintain lean mass. Clinical investigations have found close relationships between regional fat mass and disease risk, mainly the association of trunk fat with insulin resistance, dyslipidemia, 3 and cardiovascular risk. 4 In the sports science field, regional changes in lean and fat mass can inform on the effectiveness of training programmes. In particular, there is an increasing interest in the use of DXA for exploring bilateral lean mass to enable the identification and correction of discrepancies for injury prevention.
It is important to determine the precision of all DXA measurements for quality control, interpretation of results and patient monitoring. Previously, we and others, have demonstrated excellent precision of DXA for total body composition assessments. [5] [6] [7] [8] [9] The objective of this study was to ascertain the short term in-vivo precision of the GE Lunar iDXA for the measurement of appendicular and trunk fat and lean mass in adults.
SUBJECTS AND METHODS
Thirty nine men (n ¼ 9) and women (n ¼ 30) received two consecutive total body DXA scans with re-positioning, after providing signed informed consent to participate in the study approved by the Institution's Research Ethics Committee. Body composition was analysed for appendicular and trunk skeletal muscle mass and fat mass.
Participants were measured wearing light-weight clothing and all jewellery was removed. Height was determined with a stadiometer (SECA, Birmingham, UK) to the nearest millimetre, and body weight was recorded by calibrated electronic scales (SECA) to the nearest 0.1 kg. Body mass index (BMI) was calculated as body mass in kilograms/ height in metres squared. Scans were conducted on a fan-beam GE Lunar iDXA using standard or thick mode depending on body stature. Participants were placed in the supine position on the scanning table with the body aligned with the central horizontal axis. Arms were positioned parallel to, but not touching, the body. Forearms were pronated with hands flat on the bed. Legs were fully extended and feet were secured with a canvas and Velcro support to avoid foot movement during the scan acquisition. Each participant was re-positioned between scans, after dismounting the scanning table. One skilled technologist led and analysed all scans following the manufacturer's guidelines for patient positioning. Identical scanning parameters were used for each scan. The regions of interest were manually placed to enable the appropriate sections according to the manufacturer's instructions. Scan analysis was performed using the Lunar Encore software (Version 13.6). The machine's calibration was checked and passed on a daily basis using the GE Lunar calibration hydroxyapatite and epoxy resin phantom. There was no significant drift in calibration for the study period.
Data analysis was computed using Microsoft Excel 2007. Participant descriptive data are reported as the mean and standard deviation. The precision parameters, the root-mean-square standard deviation and %CV and the resulting least significant changes were calculated using the International Society of Clinical Densitometry's advanced precision calculating tool at www.iscd.org. The %CV is derived from the equation:
% CV ¼ SD=meanvalue ð Þ Ã 100 Regression parameters were calculated with measurement 1 as the dependent variable and measurement 2 as the independent variable. The computed slope and intercept values for each measurement site were assessed for difference to '0' and '1', by assessment in relation to 95% confidence intervals. Tables 1 and 2 show results for the paired precision measurements of regional fat tissue mass and lean tissue mass, respectively. Tables 3 and 4 show the precision error for each region. The precision error is represented as the CV, with the square root of the mean of the sum of the squares of differences between measurement 1 and measurement 2 (RMS), and least significant change (LSC) (at 95% CI). Regression parameters and 95% confidence intervals indicated good agreement between the two consecutive measurements for both compartments and regions with correlation values close to 1 (R 2 ¼ 0.99). Our study group reflected the usual research participants who attend our DXA centre, which brought a diverse range of age, body stature, body fat and BMI. Using the Lunar iDXA we found strong correlations between the consecutive appendicular and trunk measurements of lean and fat mass, close to 1 (R 2 ¼ 0.99). The precision values derived from this study are similar to those reported elsewhere for regional body composition, 10 ranging from root mean square -coefficient of variation (RMS-CV) 1.04-1.96%, and 2.66-5.43% LSC, and performing slightly better for measurements of lean mass. We found poorer precision for measurements of fat and lean mass in the arms as opposed to the legs and trunk. This may reflect the placement of arms relative to the torso, potentially leading to differences in region-of-interest placement.
RESULTS AND DISCUSSION
We have previously reported excellent in vivo precision for iDXA measurements of total fat mass (RMS-CV 0.82%, 2.27% LSC) and total lean mass (RMS-CV 0.24%, 1.41%LSC), 9 superior to the precision for regional measurements in the present study. This finding supports those from Lohman et al. 7 (GE Lunar Prodigy) and Libber et al.
11 (iDXA) who have reported better precision for total compared to regional body composition DXA assessments. The precision values obtained in this study (less than 2.0% CV), and those recently reported by Rothney et al. 10 (less than 2.5% CV), are however, two to three times superior than reported for regional body composition measurements performed on older models of DXA, including the Lunar DPX and Lunar DPX-L. 12, 13 It is likely that these improvements reflect the increased resolution and advanced point edge detection of recent DXA models.
We also explored precision of the iDXA for the assessment of bilateral appendicular and trunk regions and found better precision for total regional body composition than bilateral. Our results suggest that investigations of lean and fat mass change will obtain more precise results by assessing total regional rather than focusing on separate bilateral regions.
In conclusion, the Lunar iDXA provides good precision for appendicular and trunk lean and fat mass measurements. Our results support the use of the iDXA for monitoring regional body composition change in adults. Table 4 . In vivo precision (root mean squared SD (RMS SD), coefficients of variation (CV), and least significant change (LSC)) of the GE Lunar iDXA for the assessment of regional fat mass (n ¼ 39) Precision of the iDXA for the measurement of body composition K Hind and B Oldroyd
